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Abstract 
Strong swirl and a blunt body are two commonly used structure to form low velocity recirculation zone to stabilize combusting of 
high-speed gas. Compared with the vortex shedding mechanism of the square cylinder blunt, the computational results show that 
the vortex shedding mechanism of the coupling combustion stabilizer is controlled by the vortex of the swirling flow instead of 
the cylindrical vortex. Also, the flow around bluff body with swirling flow through the central opening can reduce drag, increase 
the length of the recirculation zone and reflux mass, and increase the number of vortexes so as to enhance the heat and mass 
transfer. Thus, coupling combustion stabilizer can enhance the stability of flame. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 Both the strong swirl and the flow around blunt bodies can form low velocity recirculation zone to stabilize 
combusting of high-speed gas, but the two kinds of vortex structure are different. After introducing the strong 
swirling, the vortex structure become the superposition of vortex motions in two directions. And the bluff body 
vortex is a single spanwise vortex. A square cylinder is the classic body structure to study the shedding of a 
spanwise vortex. The separating position of the flow around square cylinder is on the windward front corner which 
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is fixed. The paper uses the square cylinder in the water tunnel experiment by Rodi et al[1,2] as the object of the 
numerical simulation, researching the vortex shedding when the Reynolds number is 21400. And open a hole in the 
center of the square cylinder to study the comprehensive effect of the strong swirl fluid vortex and the bluff body 
vortex. 
2. Numerical simulation of flow around a square cylinder 
2.1. Geometric structure 
 
Fig. 1.  Computation domain of square cylinder  
Bosch and Rodi[3] indicate that the effects of entrance position on the simulation results can be eliminated when 
the distance  from the entrance position to the square cylinder is more than 4.5D. This is 8D, and the spanwise width 
is 4D. The computational domain is shown in figure 1. 
Table 1. The parameter value of square cylinder experiment 
Parameter Value 
Diameter D=0.04m 
Inlet velocity U=0.535m/s 
Reynolds number Re=UD/v=21400 
Blockage ratio 7% 
Aspect ratio 9.75 
Turbulence intensity 2% 
2.2. Boundary conditions 
The inlet conditions are decided by the velocity, Reynolds number. The walls are the solid walls. The outlet is 
decided by the pressure ; Two surfaces along the spanwise are symmetric boundary. 
This paper selects several commonly used RANS turbulence models to do numerical verification, and only SST 
model's results are in good agreement with the experimental data in the scale of the average recirculation zone. This 
is consistent with the conclusion by Jaeho Hwang [4]. Therefore, this paper uses the model to simulate the flow 
around a square cylinder. 
2.3. Vortex structure 
    Vorticity is widely used to study the coherent structure and represent the vortex core[5]. Chong et al. use the 
characteristic value of velocity gradient to represent the vortex structure. 
    The low pressure area above the square cylinder can be approximately regard as the vortex core of the shear layer. 
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The vorticity nephogram clearly shows the shedding vortex from the upper and lower shear layer gradually 
dissipating with the downstream moving. The most centralized location for vorticity are the upper and lower edges 
of square cylinder. 
 
 
Fig. 2.  Static pressure, vorticity nephograms of central cross section 
3. Numerical simulation of square cylinder-swirl flow 
3.1. Geometric structure 
Put a pipe whose diameter is 20mm into the center of the square cylinder, and send swirl gas to the entrance pipe. 
Compare regular pattern of the vortex shedding in different mass rate. The computational domain and square 
cylinder's diameters were the size of Rodi's. 
3.2. Boundary conditions 
    Swirling flow entrance is decided by velocity, and the other boundary conditions are the same as the numerical 
simulation of flow around a square cylinder's. 
    Make the grids in the tube intensive for the swirl flow can generate larger pressure gradient to balance the 
centrifugal force generated by the rotation in the tube. Three sets of grid nodes were 1003250, 1510283 and 
2320428. The calculation results satisfy the independence condition. 
3.3. Data analysis 
As the V-gutter cross flow has its own characteristics, the experimental data of Barry Kiel [3] was used select the  
     CD             time averaged drag coefficient 
     CDrms             ripple resistance coefficient 
     St             St number  
     Compared with non swirling case, when the tube diameter is 10mm, with the increase of swirl mass flow and the 
enhance of the swirl strength, the time averaged drag coefficient CD increases obviously; ripple resistance 
coefficient CD rms decreases at first and increases after that; St number decreases, the vortex shedding circle 
become longer. In 15mm diameter swirl tube, with the increase of mass flow, the time averaged drag coefficient 
decreases gradually; ripple resistance coefficient decreases, St decreases but is still large compared with standard St 
number; when the vortex tube diameter is 20mm, the data is similar with the 15mm diameter tube. 
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Table 2. The friction factors and the shedding cycle 
Tube diameter mm Mass flow rate kg/m3 CD CDrms St 
10 1.57× 10-5 2.202 0.128 0.1376 
3.14× 10-5 2.203 0.054 0.1364 
6.28× 10-5 2.262 0.149 0.1273 
15 1.57× 10-5 2.235 0.092 0.1455 
3.14× 10-5 2.209 0.044 0.1452 
6.28× 10-5 1.942 0.025 0.1429 
20 1.57× 10-5 2.076 0.097 0.1374 
3.14× 10-5 2.073 0.064 0.1385 
6.28× 10-5 1.962 0.015 0.1410 
0 0 2.240 0.1 0.1359 
3.4. Vortex structure  
    According to the figure3, the wake region of square cylinder is regular quasi-order spanwise vortex structure, and 
the square cylinder-swirl has the combination of the streamwise vortex and spanwise vortex structures. Along with 
the increase of swirl mass flow and the enhance of the swirl strength, streamwise vortex becomes short and wide, 
flow field tends to be more uniform, swirling flow weakened the pulsing of the eddy, enhanced the transport 
characteristics of turbulent eddies, played an important role in reducing resistance and increasing the length of 
recirculation region and enlarging the mass rate of the back flow . 
 
 
 
             Standard                                          S1                                        S2                                           S3 
Fig. 3.   Three-dimensional vortex structure  
   The vorticity contour clearly shows the small vortex in the tube. The maximum vorticity in center section under 
four working conditions were 587 (1/s), 4050 (1/s), 4150 (1/s) and 8180 (1/s). The maximum vorticity enhanced 
with the increasing of the swirl significantly. The maximum vorticity in S3 is nearly doubled compared to S1 and S2. 
 
 
Fig. 4.   Vorticity contours of the center section in S1 working conditions  
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4. Conclusions 
This paper uses numerical simulation method to study the vortex shedding pattern of square cylinder and square 
cylinder-swirl flow. The conclusions obtained are as follows: 
Compared with the calculation results of working condition without swirl, the time averaged drag coefficient 
increases obviously, ripple resistance coefficient decreases first and then increases, St number decreases and the 
number of vortex shedding period becomes longer, when the swirl mass flow increases and the swirl becomes 
stronger. When increases the swirl tube's diameter, the ripple resistance value becomes smaller. 
Under the comprehensive effect of the cylinder vortex and the swirl flow vortex, the flow resistance will decrease, 
velocity's recovery ability will be enhanced, the fluctuation characteristics of the flow become weak, the average 
back-flow velocity and mass rate can increase. All these are benefit in the stability of combustion and the reduction 
of the drag. The non steady vortex shedding will be dominated by swirl flow vortex, and the vortex structure is more 
complex, and more vortex will be in favor of heat and mass transfer among the fluids. 
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